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ABSTRACT

A sample of product listings is selected from a product cata-
log. An audit process is performed to identify other product
listings in the product catalog that are duplicates of product
listings in the sample. The probability that the product listings
would be included in a randomly selected sample of product
listings is computed for each of the product listings in the
sample and the duplicate product listings. A weight is
assigned to each of the listings in the sample and the duplicate
listings that is inversely proportional to the computed prob-
ability for each listing. The weights may then be utilized to
compute a de-biased estimated duplication rate of product
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1
DE-BIASED ESTIMATED DUPLICATION
RATE

BACKGROUND

A merchant may provide an online e-commerce market-
place for the purchase of a variety of products by customers.
The products might include physical products that are
shipped directly to customers and/or digital products that
customers download from the e-commerce marketplace.
Products may be made available for sale by a number of
sellers, with multiple sellers offering the same product. The
sellers may provide details regarding the products they have
for sale to a merchant system. The product details are utilized
to generate product listings for the products on the e-com-
merce marketplace.

The product details provided by a seller might include
values for various attributes of a product, such as a unique
identifier for the product, a title and description of the prod-
uct, and the purchase price for the product. The product
details may then be utilized to generate product listings in a
product catalog. The product listings are made available
through the online e-commerce marketplace for searching
and browsing by customers wishing to purchase the corre-
sponding products from the sellers.

For a variety of reasons, it is possible for multiple product
listings to be created in a product catalog that correspond to
the same product. Having multiple product listings for the
same product can be confusing to consumers and negatively
impact the customer experience provided by an e-commerce
marketplace. Moreover, a large number of duplicate product
listings for the same products can also cause prices on the
e-commerce marketplace to be higher. Higher prices may
discourage customers from visiting an e-commerce market-
place.

It is with respect to these and other considerations that the
disclosure made herein is presented.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.11s asoftware architecture diagram showing a mecha-
nism for computing a de-biased estimated duplication rate
according to one embodiment disclosed herein;

FIG. 2 is a computer and network architecture diagram
showing aspects of one illustrative operating environment
and several software components disclosed herein for com-
puting a de-biased estimated duplication rate;

FIG. 3 is a flow diagram showing a routine for computing
a de-biased estimated duplication rate according to one
embodiment disclosed herein;

FIGS. 4-7 are data store diagrams showing sample product
listings in a product category of a product catalog utilized to
compute a de-biased estimated duplication rate in one
example disclosed herein;

FIG. 8 is a computation diagram showing one equation for
computing a de-biased estimated duplication rate according
to one embodiment disclosed herein; and

FIG. 9 is a computer architecture diagram showing one
illustrative computer hardware architecture for use in com-
puting devices configured to implement the concepts and
technologies disclosed herein in one embodiment.

DETAILED DESCRIPTION

The following detailed description is directed to technolo-
gies for computing a de-biased estimated duplication rate.
Through an implementation of the concepts and technologies
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disclosed herein, an estimate can be generated, referred to
herein as an “estimated duplication rate”, which describes the
estimated rate of duplicate product listings in a product cata-
log. The estimated duplication rate may be “de-biased” to
reduce or eliminate any bias introduced by an audit process
for locating duplicate product listings in the product catalog.
The de-biased estimated duplication rate may then be utilized
in an attempt to reduce an actual rate of duplication of product
listings in the product catalog. This may improve the cus-
tomer experience and keep pricing competitive on an e-com-
merce marketplace that utilizes the product catalog.

According to aspects presented herein, a merchant system
is disclosed that is configured to execute an online shopping
module that provides an e-commerce marketplace, such as a
World Wide Web (“Web”) site, for online shopping. The
online shopping module is also configured to maintain and
utilize a product catalog that stores product listings for prod-
ucts available for purchase through the e-commerce market-
place. The e-commerce marketplace provides functionality
for browsing and searching for pages corresponding to prod-
uct listings in the product catalog, for purchasing the prod-
ucts, and for performing other functions.

According to embodiments, the merchant system is also
configured to allow multiple sellers to sell products through
the e-commerce marketplace. Sellers may provide product
details to the merchant system that are utilized to generate
product listings for the products offered for sale by the sellers.
As mentioned above, the product details provided by a seller
might include data for various attributes of a product, such as
an identifier for a product; a title or description of the product;
technical specifications for the product; the purchase price;
data regarding product availability; shipping parameters and
costs; the geographic region in which the product is available
to customers; the locale of the seller’s fulfillment center; and
othertypes of product details. The product details may then be
utilized to generate product listings for the products in the
product catalog.

As mentioned above, it is possible for multiple product
listings to be created in the product catalog that correspond to
the same product. Having multiple product listings for the
same product can be confusing to consumers and negatively
impact the customer experience provided by an e-commerce
marketplace. Moreover, a large number of duplicate product
listings for the same products can also cause prices on the
e-commerce marketplace to be higher. Higher prices may
discourage customers from visiting an e-commerce market-
place.

Determining the actual rate of duplication of product list-
ings in a product catalog having hundreds of millions of
product listings may be very complex and computationally
expensive. It may, however, be less computationally expen-
sive to estimate the duplication rate of product listings in a
product catalog or a subset of a product catalog, such as a
category of products. In order to estimate the number of
duplicate product listings in a product catalog, the embodi-
ments disclosed herein present a mechanism for computing a
de-biased estimated duplication rate. The de-biased esti-
mated duplication rate describes the estimated number of
duplicate product listings in a product catalog. The de-biased
estimated duplication rate is also computed in a manner that
reduces or eliminates bias introduced by an audit process for
locating duplicate product listings in the product database.

In one embodiment, the de-biased estimated duplication
rate is computed by first selecting a sample of product listings
from a product catalog. The product listings might be
selected, for instance, randomly from a particular category of
products in the product catalog. In some embodiments, the
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population from which the sample is taken is restricted based
upon one or more factors. For instance, the population might
be restricted based upon whether product listings are visible
or the number of search impressions the product listings have
received. In this way, product listings that are not commonly
viewed may not be factored into the estimated duplication
rate. The population from which the sample is taken might
also be restricted based upon other factors.

Once the sample of product listings has been taken, an
audit process is performed to identify other related product
listings in the product catalog, such as product listings that are
duplicates of the product listings in the sample. For example,
a search may be made within the product catalog for product
listings that are duplicates of the product listings in the
sample.

Once any duplicate product listings have been identified, a
probability is computed for each of the product listings in the
sample and the duplicate product listings. The computed
probability is the probability that the product listings would
be included in a randomly selected sample of product listings.
The computed probability may be based upon the number of
duplicate product listings found for each product listing. For
instance, if no duplicate product listings are found for a prod-
uct listing in the sample, its probability is computed as P,
where P is a constant measuring the probability of sampling.
Iftwo duplicate product listings are found for a product listing
in the sample, the probability for the three product listings is
computed as 3P since the probability of selecting any of the
three listings in a sample is three times greater than the prob-
ability of selecting a product listing that has no duplicates.

Once the probabilities are computed for each of the product
listings in the sample and the duplicate product listings, a
weight is assigned to each of the listings in the sample and the
duplicate listings. In one embodiment, the assigned weight is
inversely proportional to the computed probability for each
listing. So, if a probability of 3P were computed for a particu-
lar product listing, a weight of 3P would be assigned to the
listing. If a probability of P were computed for a listing, a
weight of 1/P would be assigned to the listing.

After the weights have been assigned, the weights may be
utilized to compute the de-biased estimated duplication rate
of product listings in the product category of the product
catalog. The de-biased estimated duplication rate may be
computed as a sum of the weights assigned to the duplicate
product listings divided by a sum of the weights assigned to
the product listings in the sample and the weights assigned to
the duplicate product listings.

Once the de-biased estimated duplication rate has been
computed, this value may be utilized to reduce an actual rate
of duplication of product listings in the product database. For
example, the computed de-biased estimated duplication rate
may be utilized to modify a clustering process that merges
product listings for the same product. The computed de-
biased estimated duplication rate might also be utilized to
modify the manner in which seller feeds containing product
listings are processed. The computed de-biased estimated
duplication rate might also be utilized in other ways in an
attempt to reduce the actual rate of duplication of product
listings within a product catalog. Additional details regarding
these and other processes disclosed herein for computing a
de-biased estimated duplication rate will be provided below
with regard to FIGS. 2-9.

It should be appreciated that the embodiments disclosed
herein might be utilized with any type of computer, comput-
ing system, device, Web site, application program, operating
system, or other type of system or component. Accordingly,
although the embodiments disclosed herein are primarily pre-
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4

sented in the context of a merchant system that embodies the
concepts disclosed herein for computing a de-biased esti-
mated duplication rate for product listings, the disclosure
presented herein is not limited to such an implementation. For
example, while the embodiments disclosed herein are
described primarily in the context of computing a de-biased
estimated duplication rate for product listings in a product
catalog, the mechanisms disclosed herein might be utilized to
compute a de-biased estimated duplication rate for other
types of items.

It should also be appreciated that the subject matter pre-
sented herein may be implemented as a computer process, a
computer-controlled apparatus, a computing system, or an
article of manufacture, such as a computer-readable storage
medium. These and various other features will become appar-
ent from a reading of the following disclosure and a review of
the associated drawings.

While the subject matter described herein is presented in
the general context of program modules that execute on one or
more computing devices, those skilled in the art will recog-
nize that other implementations may be performed in combi-
nation with other types of program modules. Generally, pro-
gram modules include routines, programs, components, data
structures, and other types of structures that perform particu-
lar tasks or implement particular abstract data types.

Those skilled in the art will appreciate that the subject
matter described herein may be practiced on or in conjunction
with other computer system configurations beyond those
described below, including multiprocessor systems, micro-
processor-based or programmable consumer electronics,
minicomputers, mainframe computers, handheld computers,
personal digital assistants, tablet computers, electronic book
readers, wireless telephone devices, special-purposed hard-
ware devices, network appliances, or the like. The embodi-
ments described herein may also be practiced in distributed
computing environments, where tasks are performed by
remote processing devices that are linked through a commu-
nications network. In a distributed computing environment,
program modules may be located in both local and remote
memory storage devices.

In the following detailed description, references are made
to the accompanying drawings that form a part hereof, and
that show, by way of illustration, specific embodiments or
examples. The drawings herein are not drawn to scale. Like
numerals represent like elements throughout the several
FIGS.

FIG. 1is asoftware architecture diagram showing a mecha-
nism 100 for computing a de-biased estimated duplication
rate 112 according to one embodiment disclosed herein. As
mentioned above, the de-biased estimated duplication rate
112 describes the estimated number of duplicate product
listings in a product catalog 102 or a subset of the product
catalog 102, such as within a product category. The de-biased
estimated duplication rate 112 is also computed in a manner
that reduces or eliminates bias introduced during audit pro-
cess for locating duplicate product listings in the product
catalog 102.

In order to compute the de-biased estimated duplication
rate 112, a sample of product listings 104 is taken from a
product catalog 102. The sample of product listings 104
might be selected randomly from the product catalog 102, for
instance. Once the sample of product listings 104 has been
generated, an audit process 106 is performed to identify other
product listings in the product catalog 102 that are duplicates
of product listings in the sample of product listings 104. For
example, a manual or electronic search may be made within
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the product catalog 102 for duplicate product listings 108 of
the product listings in the sample 104.

Once any duplicate product listings 108 have been identi-
fied, an estimated duplication rate computation module 110 is
executed in order to compute the de-biased estimated dupli-
cation rate 112. As will be discussed in detail below, the
estimated duplication rate computation module 110 is con-
figured to compute an estimated duplication rate of product
listings in the product catalog 102, or within some subset of
product listings in the product catalog 102 such as a category
of products. The estimated duplication rate computation
module 110 is also configured to de-bias the estimated dupli-
cation rate 112 to reduce any bias introduced during identifi-
cation of duplicate product listings 108 in the product catalog
102. The de-biased estimated duplication rate 112 may then
beutilized in an attempt to reduce an actual rate of duplication
of product listings in the product catalog 102. This may
improve customer experience and keep pricing competitive
on an e-commerce marketplace that utilizes the product cata-
log 102. Additional details regarding these processes, and
others, for computing a de-biased estimated duplication rate
112 will be described below with regard to FIGS. 2-9.

FIG. 2 and the following description are intended to pro-
vide a brief, general description of a suitable computing envi-
ronment in which the embodiments described herein may be
implemented. In particular, FIG. 2 is a system diagram that
shows an illustrative operating environment 200 including
several hardware and software components for computing a
de-biased estimated duplication rate 112, according to
embodiments provided herein. The environment 200 is
merely illustrative and the embodiments disclosed herein
might be utilized in many different types of environments.

The environment 200 shown in FIG. 2 includes a merchant
system 202 that provides an e-commerce marketplace 228
through which customers may browse, search, and purchase
products. In one embodiment, the merchant system 202
includes a number of application servers 204 that provide
various application services to sellers, such as the seller 208,
and customers engaged in commerce through the e-com-
merce marketplace 228, such as the customer 222.

The application servers 204 may be implemented as stan-
dard server computers, database servers, Web servers, net-
work appliances, desktop computers, other computing
devices, and/or any combination thereof. The application
servers 204 may execute a number of modules in order to
provide the various services described herein. The modules
may execute on a single application server 204 or in parallel
across multiple application servers 204 in the merchant sys-
tem 202. In addition, each module may consist of a number of
subcomponents executing on different application servers
204 or other computing devices in the merchant system 202.
The modules may be implemented as software, hardware, or
any combination of the two.

As shown in FIG. 2, a customer 222 may utilize a client
device 226 to access the merchant system 202 through a
network 216. The network 216 may be a local-area network
(“LAN”), a wide-area network (“WAN™), the Internet, or any
other networking topology known in the art that connects the
client device 226 to the merchant system 202. Although only
a single customer 222 has been illustrated in FIG. 2, it should
be appreciated that many customers may simultaneously uti-
lize the e-commerce marketplace 228.

The customer 222 may be an individual or entity that
desires to browse, search, purchase, or has purchased, one or
more products from the merchants that sell products via the
e-commerce marketplace 228. The client device 226 may be
a personal computer (“PC”), desktop workstation, laptop
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computer, tablet computer, notebook computer, personal
digital assistant (“PDA”), electronic-book reader, game con-
sole, set-top box, consumer electronics device, server com-
puter, or any other type of computing device capable of con-
necting to the network 216 and communicating with the
merchant system 202. The customer 222 might also be
referred to herein as a “user” or as a “visitor” to the e-com-
merce marketplace 228 provided by the merchant system
202.

The customer 222 may use a client application 224 execut-
ing on the client device 226 to access and utilize the online
shopping services provided by the application servers 204. In
one embodiment, the client application 224 is a Web browser
application, such as the MOZILLA® FIREFOX® Web
browser from MOZILLA FOUNDATION of Mountain View,
Calif. The client application 224 exchanges data with the
application servers 204 in the merchant system 202 using the
hypertext transfer protocol (“HTTP”) or another appropriate
protocol over the network 216. The client application 224
might also be a stand-alone client application configured for
communicating with the application servers 204. The client
application 224 might also utilize any number of communi-
cation methods known in the art to communicate with the
merchant system 202 and/or the application servers 204
across the network 216, including remote procedure calls,
SOAP-based Web services, remote file access, proprietary
client-server architectures, and the like.

According to one embodiment, the application servers 204
execute an online shopping module 218. The online shopping
module 218 provides the e-commerce marketplace 228,
including functionality for allowing the customer 222 to
browse, search, and purchase products available from the
online merchant that operates the merchant system 202 and
from other sellers. For instance, the online shopping module
218 may retrieve a product listing for a particular product
offered for sale by the online merchant or another seller from
a product catalog 102, generate a Web page containing prod-
uct information, and transmit the Web page over the network
216 to the client application 224 executing on the client
device 226 for display to the customer 222.

The online shopping module 218 might utilize pre-stored
or dynamically created resources to generate the e-commerce
marketplace 228. For instance, Web pages, images, text files,
program code for generating Web pages, metadata, scripts,
executable code, and other types of data utilized to create
and/or provide a Web page might be stored or dynamically
generated. Other types of resources might also be stored or
generated dynamically by the online shopping module 218 to
provide the e-commerce marketplace 228. The online shop-
ping module 218 might also maintain a customer profile data
store including information about customers of the merchant
system 202, such as their name, address and other contact
information, payment information, preferences, and other
data.

According to embodiments, the online shopping module
218 also provides functionality for allowing third-party sell-
ers, such as the seller 208, to sell products on the e-commerce
marketplace 228. Although only a single seller 208 is illus-
trated in FIG. 2, it should be appreciated that many such
sellers might be permitted to sell products by way of the
e-commerce marketplace 228.

In order to facilitate the listing of products for sale on the
e-commerce marketplace 228 by sellers, the application serv-
ers 204 execute a listing processing module 206 in one
embodiment. The listing processing module 206 receives a
seller feed 214 from a seller 208 that contains details describ-
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ing the products the seller 208 wishes to make available for
sale through the e-commerce marketplace 228.

The seller feed 214 may be a flat file containing tabular
data, an extensible markup language (“XML”) file, or any
other data container in which product details can be encap-
sulated. The seller feed 214 may contain data for multiple
product listings, each containing a number of fields identify-
ing the product and describing various attributes of the prod-
uct. The listing processing module 206 may receive the seller
feed 214 from a client device 210 over the network 216.

In one embodiment, the seller feed 214 is produced by an
inventory loader application 212 executing on the client
device 210. The inventory loader application 212 may be
configured to integrate with an inventory management system
(not shown) operated by the seller 208. It should be appreci-
ated that other mechanisms might be provided to enable a
seller 208 to list products for sale on the e-commerce market-
place 228. For example, the listing processing module 206
might provide a Web-based interface through which the seller
208 can create product listings by specifying various
attributes of products offered for sale by the seller 208. Other
mechanisms might also be utilized.

Based upon data received from the marketplace seller 208,
the listing processing module 206 creates product listings in
the product catalog 102. As illustrated in FIG. 2, each of the
product listings might include a number of attributes 220
having values specified for the corresponding product. In the
example shown in FIG. 2, for instance, a product listing has
been created in the product catalog 102 that includes an
attribute 220A for storing a product identifier, an attribute
220B for storing a product title, an attribute 220C for storing
a brand name, an attribute 220D for storing a price for the
product, and an attribute 220E for storing an available quan-
tity of the product. It should be appreciated that the attributes
220 shown in FIG. 2 are merely illustrative and that many
more attributes might be specified in a product listing. It
should also be appreciated that the attributes 220 for each
product listing might vary. For example, the products in each
product category might have different attributes 220.

As mentioned above, it is possible for multiple product
listings to be created in the product catalog 102 that corre-
spond to the same product. For example, different product
sellers 208 might submit product listings for the same product
that have different product identifiers or descriptions. As a
result, the listing processing module 206 might create dupli-
cate product listings for the same product in the product
catalog 102. Having multiple product listings for the same
product in the product catalog 102 can be confusing to con-
sumers and negatively impact the customer experience pro-
vided by the e-commerce marketplace 228.

In order for the merchant that operates the merchant system
202 to understand the extent to which duplicate product list-
ings exist in the product catalog 102, it may be desirable to
compute the actual rate of duplication of product listings in
the catalog 102. As mentioned above, however, the product
catalog 102 might include hundreds of millions of product
listings. Determining the actual rate of duplication of product
listings in a product catalog 102 having this number of prod-
uct listings may not be possible or may be prohibitively
expensive. It may, however, be less computationally expen-
sive to estimate the duplication rate of product listings in the
product catalog 102 or some subset of the product catalog
102, such as within a category of products.

In order to estimate the number of duplicate product list-
ings in the product catalog 102, the application servers 204
are configured to execute an estimated duplication rate com-
putation module 110. As mentioned briefly above, the esti-
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mated duplication rate computation module 110 is a software
module that is configured to compute the de-biased estimated
duplication rate 112 of products in the product catalog 102 or
some subset thereof. As also mentioned above, the de-biased
estimated duplication rate 112 describes the estimated per-
centage of duplicate product listings in the product catalog
102, or a subset thereof.

The estimated duplication rate computation module 110 is
also configured to compute the de-biased estimated duplica-
tion rate 112 in a manner that reduces or eliminates bias
introduced during the audit process 106 for identifying dupli-
cate product listings 108 in the product catalog 102. Bias may
be introduced because the audit process 106 is not limited to
locating duplicate product listings 108 in the sample of prod-
uct listings 104. Additional details regarding the operation of
the estimated duplication rate computation module 110 for
computing the de-biased estimated duplication rate 112 will
be provided below with regard to FIGS. 3-9.

Turning now to FIG. 3, additional details will be provided
regarding the embodiments described herein for computing
the de-biased estimated duplication rate 112. It should be
appreciated that the logical operations described herein with
regard to FIG. 3 and the other FIGS. are implemented (1) as a
sequence of computer implemented acts or program modules
running on a computing system and/or (2) as interconnected
machine logic circuits or circuit modules within the comput-
ing system. The implementation is a matter of choice depen-
dent on the performance and other requirements of the com-
puting system.

The logical operations described herein with reference to
the various FIGS. are referred to variously as operations,
structural devices, acts, or modules. These operations, struc-
tural devices, acts, and modules may be implemented in soft-
ware, in firmware, in special purpose digital logic, and any
combination thereof. It should also be appreciated that more
or fewer operations may be performed than shown in the
FIGS. and described herein. These operations may also be
performed in parallel, or in a different order than those
described herein.

FIG. 3 is a flow diagram showing aspects of one illustrative
routine 300 for computing the de-biased estimated duplica-
tion rate 112, according to one embodiment disclosed herein.
FIG. 3 will be described in conjunction with FIGS. 4-7, which
are data store diagrams showing the illustrative contents of
one product category contained in the product catalog 102.
FIG. 3 will also be described in conjunction with FIG. 8,
which is a computation diagram showing one equation for
computing the de-biased estimated duplication rate 112
according to one embodiment disclosed herein. It should be
appreciated that while the illustrative embodiment shown in
FIGS. 4-8 describes computing the de-biased estimated
duplication rate 112 for a category of product listings in a
product catalog 102, this mechanism might be utilized to
compute the de-biased estimated duplication rate 112 for an
entire product catalog 102, for other subsets of product list-
ings in a product catalog 102, or for other types of items
altogether.

The routine 300 begins at operation 302, where a sample of
product listings 104 is taken from the product catalog 102. If
the de-biased estimated duplication rate 112 is to be com-
puted for a category of products, then the sample of product
listings 104 may be taken from product listings in the product
category. The sample of product listings 104 might also be
taken from another subset of product listings in the product
catalog 102. The sample of product listings 104 might be
taken randomly from the product listings in the product cata-
log 102 or in another manner. The sample of product listings
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104 might be taken manually or by the estimated duplication
rate computation module 110.

In the example shown in FIGS. 4-7, the de-biased esti-
mated duplication rate 112 is computed for a particular prod-
uct category of the product catalog 102. For instance, the
de-biased estimated duplication rate 112 may be computed
for product listings in an electronics category or a textiles
category. In this example, the product category includes a
large number of product listings 406. For example, the prod-
uct category might include one million or more product list-
ings 406. However, only eleven product listings 406 A-406K
are shown in the product category in FIGS. 4-7 for illustrative
purposes. The example product category may include many
more product listings 406 than illustrated.

In the example shown in FIGS. 4-7; a sample of product
listings 104 has been taken that includes five product listings
406: the product listings 406D, 406E, 406H, 4061, and 406J.
It should be appreciated, however, that this sample is merely
illustrative and that a sample of product listings 104 might
include more or fewer product listings 406. As also men-
tioned above, the sample of product listings 104 might be
taken randomly or in another manner and might be taken
manually or in an automated fashion. The sample of product
listings 104 might also be selected in another manner.

As mentioned briefly above, the population from which the
sample of product listings 104 is taken may be restricted
based upon one or more factors in some embodiments. For
instance, the population might be restricted based upon
whether product listings 406 are visible or the number of
search impressions the product listings 406 have received. As
an example, product listings 406 that have not been searched
may not be included in the population from which the sample
of product listings 104 is taken. In this way, product listings
406 that are not commonly searched or viewed may not be
factored into the estimated duplication rate. The population
from which the sample of product listings 406 is taken might
also be restricted based upon other factors.

Once the sample of product listings 104 has been made, the
routine 300 proceeds from operation 302 to operation 304. At
operation 304, product listings 406 that are duplicates of the
product listings 406D, 406E, 406H, 4061, and 406]J in the
sample of product listings 104 are identified. In order to
identify the duplicate product listings, a search of the relevant
portion of the product catalog 102 might be made for product
listings 406 that are duplicates of the product listings in the
sample of product listings 104.

In the example shown in FIGS. 4-7, for instance, asearch is
made of the product listings in the product catalog for product
listings 406 that are duplicates of the product listings 406D,
406E, 406H, 4061, and 406J in the sample of product listings
104. This search may be made manually, such as by human
auditors, in an automated fashion by the estimated duplica-
tion rate computation module 110, or by another software
component or system within the merchant system 202. The
identification of duplicate product listings 406 might also be
performed in other ways.

In the example shown in FIG. 6, several duplicate product
listings 406 have been identified. In particular, the product
listing 406D is a duplicate of the product listing 406 A. The
product listing 406F is a duplicate of the product listing 406C.
The product listing 4068 is also a duplicate of the product
listing 406C. Accordingly, three duplicate product listings
108 have been identified for the product listings 406D, 406E,
406H, 4061, and 406J in the sample of product listings 104 in
this example.

Once the duplicate product listings 108 have been identi-
fied, the routine 300 proceeds from operation 304 to operation
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306. At operation 306, a probability is computed for each of
the product listings 406 in the sample of product listings 104
and the duplicate product listings 108. The computed prob-
ability is the probability that the product listings 406 would be
included in a randomly selected sample of product listings
104.

The computed probability may be based upon the number
of duplicate product listings 108 found for each product list-
ing 406. For instance, if no duplicate product listings are
found for a product listing in the sample of product listings
104, its probability is computed as P, where P is a constant
measuring the probability of sampling. As shown in FIG. 7,
for instance, the probabilities for the product listings 406H,
4061, and 406] have been computed as P since no duplicate
product listings 108 were identified for these product listings.

In the example shown in FIG. 7, the probabilities for the
product listings 406 A and 406D have been computed as 2P
since two duplicate product listings 108 were identified for
these product listings. Similarly, the probabilities for the
product listings 4068, 406C, and 406E have been computed
as 3P since three duplicate product listings 108 were identi-
fied for these product listings. Other probabilities may be
computed in a similar manner for other product listings 406
having other quantities of duplicate product listings 108.

From operation 306, the routine 300 proceeds to operation
308, where a weight 702 is assigned to each of the listings in
the sample of product listings 104 and the duplicate product
listings 108. In one embodiment, for instance, the assigned
weight 702 is inversely proportional to the probability com-
puted at operation 306 for each listing. For instance, as shown
in FIG. 7, a weight 702H, 7021, and 702J of 1/P has been
assigned to the product listings 406H, 4061, and 406J. Simi-
larly, a weight 702 A and 702D of /2P has been assigned to the
product listings 406A and 406D. A weight 702B, 702C, and
702E of 4P has been assigned to the product listings 406B,
406C, and 406E.

After the weights 702 have been assigned to the product
listings 406 A-406J, the routine 300 proceeds to operation 310
where the assigned weights 702 are utilized to compute the
de-biased estimated duplication rate 112 of product listings in
the product category of the product catalog 102. The de-
biased estimated duplication rate 112 may be computed as a
sum of the weights 702 assigned to the duplicate product
listings 108 divided by the sum of the weights 702 assigned to
the product listings 406 in the sample of product listings 104
and the weights 702 assigned to the duplicate product listings
108.

As shown in FIG. 8, for instance, the de-biased estimated
duplication rate 112 for the example shown in FIGS. 4-7 is
computed by summing the weights 702B, 702D, and 702E of
the duplicate product listings 406B, 406D, and 406F in this
example. The weights 702 of the product listings 406D, 406E,
406H, 4061, and 406J in the sample of product listings 104
and the weights 702B, 702D, and 702E of the duplicate prod-
uct listings 4068, 406D, and 406E are also summed. The
weights assigned to the duplicate product listings 108 are then
divided by a sum of the weights 702 assigned to the product
listings 406 in the sample of product listings 104 and the
weights 702 assigned to the duplicate product listings 108 in
order to compute the de-biased estimated duplicate rate 112.
In this example, the de-biased estimated duplicate rate 112 is
740 (2.333%).

Oncethe de-biased estimated duplication rate 112 has been
computed, the routine 300 proceeds from operation 310 to
operation 312. At operation 312, the de-biased estimated
duplication rate 112 may be utilized to reduce an actual rate of
duplication of product listings 406 in the product catalog 102.
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For example, and as briefly mentioned above, the computed
de-biased estimated duplication rate 112 may be utilized to
modify a clustering process that merges different product
listings 406 for the same product. The computed de-biased
estimated duplication rate 112 might also be utilized to
modify the manner in which the listing processing module
206 processes seller feeds 214 containing product listings
406. The computed de-biased estimated duplication rate 112
might also be utilized in other ways in an attempt to reduce the
actual rate of duplication of product listings 406 within the
product catalog 102. From operation 312, the routine 300
proceeds to operation 314, where it ends.

As mentioned briefly above, although the embodiments
and examples presented herein are primarily presented in the
context of a merchant system 202 that embodies the concepts
disclosed herein for computing a de-biased estimated dupli-
cation rate 112 for product listings 406, the disclosure pre-
sented herein is not limited to such an implementation. For
example, while the embodiments disclosed herein are
described primarily in the context of computing a de-biased
estimated duplication rate 112 for product listings 406 stored
in a product catalog 102, the mechanisms disclosed herein
might be utilized to compute a de-biased estimated duplica-
tion rate 112 for other types of items grouped in other types of
data sets.

FIG. 9 shows an example computer architecture for a com-
puter 900 capable of executing the software components
described herein for computing a de-biased estimated dupli-
cation rate 112 in the manner presented above. The computer
900 shown in FIG. 9 illustrates a conventional server com-
puter, workstation, desktop computer, laptop, PDA, elec-
tronic book reader, digital wireless phone, tablet computer,
network appliance, set-top box, or other computing device,
and may be utilized to execute any aspects of the software
components presented herein described as executing on the
merchant system 202, the client devices 210 and 226, or on
any other computing system described herein.

The computer 900 includes a baseboard, or “motherboard,”
which is a printed circuit board to which a multitude of
components or devices may be connected by way of a system
bus or other electrical communication paths. In one illustra-
tive embodiment, one or more central processing units
(“CPUSs”) 902 operate in conjunction with a chipset 904. The
CPUs 902 are standard programmable processors that per-
form arithmetic and logical operations necessary for the
operation of the computer 900.

The CPUs 902 perform operations by transitioning from
one discrete, physical state to the next through the manipula-
tion of switching elements that differentiate between and
change these states. Switching elements may generally
include electronic circuits that maintain one of two binary
states, such as flip-flops, and electronic circuits that provide
an output state based on the logical combination of the states
of'one or more other switching elements, such as logic gates.
These basic switching elements may be combined to create
more complex logic circuits, including registers, adders-sub-
tractors, arithmetic logic units, floating-point units, or the
like.

The chipset 904 provides an interface between the CPUs
902 and the remainder of the components and devices on the
baseboard. The chipset 904 may provide an interface to a
random access memory (“RAM”) 906, used as the main
memory in the computer 900. The chipset 904 may further
provide an interface to a computer-readable storage medium
such as a read-only memory (“ROM”) 908 or non-volatile
RAM (“NVRAM?”) for storing basic routines that that help to
startup the computer 900 and to transfer information between
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the various components and devices. The ROM 908 or
NVRAM may also store other software components neces-
sary for the operation of the computer 900 in accordance with
the embodiments described herein.

According to various embodiments, the computer 900 may
operate in a networked environment using logical connec-
tions to remote computing devices and computer systems
through a network, such as a local-area network (“LAN”), a
wide-area network (“WAN?), the Internet, or any other net-
working topology known in the art that connects the computer
900 to remote computers. The chipset 904 includes function-
ality for providing network connectivity through a network
interface controller (“NIC”) 910, such as a gigabit Ethernet
adapter.

For example, the NIC 910 may be capable of connecting
the computer 900 to other computing devices, such as the
application servers 204, the client devices 210 and 226, a data
storage system in the merchant system 202, and the like, over
the network 216 described above in regard to FIG. 2. It should
be appreciated that multiple NICs 910 may be present in the
computer 900, connecting the computer to other types of
networks and remote computer systems.

The computer 900 may be connected to a mass storage
device 912 that provides non-volatile storage for the com-
puter. The mass storage device 912 may store system pro-
grams, application programs, other program modules, and
data, which have been described in greater detail herein. The
mass storage device 912 may be connected to the computer
900 through a storage controller 914 connected to the chipset
904. The mass storage device 912 may consist of one or more
physical storage units. The storage controller 914 may inter-
face with the physical storage units through a serial attached
SCSI(*“SAS”) interface, a serial advanced technology attach-
ment (“SATA”) interface, a FIBRE CHANNEL (“FC”) inter-
face, or other standard interface for physically connecting and
transferring data between computers and physical storage
devices.

The computer 900 may store data on the mass storage
device 912 by transforming the physical state of the physical
storage units to reflect the information being stored. The
specific transformation of physical state may depend on vari-
ous factors, in different implementations of this description.
Examples of such factors may include, but are not limited to,
the technology used to implement the physical storage units,
whether the mass storage device 912 is characterized as pri-
mary or secondary storage, or the like.

For example, the computer 900 may store information to
the mass storage device 912 by issuing instructions through
the storage controller 914 to alter the magnetic characteristics
of a particular location within a magnetic disk drive unit, the
reflective or refractive characteristics of a particular location
in an optical storage unit, or the electrical characteristics of a
particular capacitor, transistor, or other discrete component in
a solid-state storage unit. Other transformations of physical
media are possible without departing from the scope and
spirit of the present description, with the foregoing examples
provided only to facilitate this description. The computer 900
may further read information from the mass storage device
912 by detecting the physical states or characteristics of one
or more particular locations within the physical storage units.

In addition to the mass storage device 912 described above,
the computer 900 might have access to other computer-read-
able media to store and retrieve information, such as program
modules, data structures, or other data. It should be appreci-
ated by those skilled in the art that computer-readable media
can be any available media that may be accessed by the
computer 900, including computer-readable storage media
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and communications media. Communications media
includes transitory signals. Computer-readable storage media
includes volatile and non-volatile, removable and non-re-
movable storage media implemented in any method or tech-
nology. For example, computer-readable storage media
includes, but is not limited to, RAM, ROM, erasable pro-
grammable ROM (“EPROM”), electrically-erasable pro-
grammable ROM (“EEPROM”), flash memory or other solid-
state memory technology, compact disc ROM (“CD-ROM™),
digital versatile disk (“DVD”), high definition DVD (“HD-
DVD”), BLU-RAY, or other optical storage, magnetic cas-
settes, magnetic tape, magnetic disk storage or other mag-
netic storage devices, or any other medium that can be used to
store the desired information. Computer-readable storage
media does not include transitory signals.

The mass storage device 912 may store an operating sys-
tem 916 utilized to control the operation of the computer 900.
According to one embodiment, the operating system com-
prises the LINUX operating system. According to another
embodiment, the operating system comprises the WIN-
DOWS® SERVER operating system from MICROSOFT
Corporation of Redmond, Wash. According to further
embodiments, the operating system may comprise the UNIX
or SOLARIS operating systems. It should be appreciated that
other operating systems may also be utilized. The mass stor-
age device 912 may store other system or application pro-
grams and data utilized by the computer 900. For instance,
when utilized to implement the client device 226, the mass
storage device 912 may store the client application 224. When
utilized to implement the client device 210, the mass storage
device 912 may store the inventory loader application 212.
When utilized to implement one or more of the application
servers 204, the mass storage device 912 may store the online
shopping module 218, estimated duplication rate computa-
tion module 110, and potentially other modules and data.

In one embodiment, the mass storage device 912 or other
computer-readable storage media may be encoded with com-
puter-executable instructions that, when loaded into the com-
puter 900, transform the computer from a general-purpose
computing system into a special-purpose computer capable
of implementing the embodiments described herein. These
computer-executable instructions transform the computer
900 by specifying how the CPUs 902 transition between
states, as described above. According to one embodiment, the
computer 900 has access to computer-readable storage media
storing computer-executable instructions that, when executed
by the computer 900, perform the various routines and opera-
tions described herein.

The computer 900 may also include an input/output con-
troller 918 for receiving and processing input from a number
of input devices, such as a keyboard, a mouse, a touchpad, a
touch screen, an electronic stylus, or other type of input
device. Similarly, the input/output controller 918 or another
controller may provide output to a display device, such as a
computer monitor, a flat-panel display, a digital projector, a
printer, a plotter, or other type of output device. It will be
appreciated that the computer 900 may not include all of the
components shown in FIG. 9, may include other components
that are not explicitly shown in FIG. 9, or may utilize an
architecture completely different than that shown in FIG. 9.

Based on the foregoing, it should be appreciated that tech-
nologies for computing a de-biased estimated duplication rate
112 have been presented herein. Although the subject matter
presented herein has been described in language specific to
computer structural features, methodological acts, and com-
puter readable media, it is to be understood that the invention
defined in the appended claims is not necessarily limited to
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the specific features, acts, or media described herein. Rather,
the specific features, acts, and mediums are disclosed as
example forms of implementing the claims.

The subject matter described above is provided by way of
illustration only and should not be construed as limiting.
Furthermore, the claimed subject matter is not limited to
implementations that solve any or all disadvantages noted in
any part of this disclosure. Various modifications and changes
may be made to the subject matter described herein without
following the example embodiments and applications illus-
trated and described, and without departing from the true
spirit and scope of the present invention, which is set forth in
the following claims.

What is claimed is:

1. A computer-implemented method for computing an esti-
mated duplication rate of product listings in a product catalog,
comprising:

selecting a sample of product listings in a product category

of the product catalog;

identifying one or more product listings in the product

category that are duplicates of product listings in the
sample of product listings;

computing a probability for at least a portion of the product

listings in the sample and the duplicate product listings
that the product listings would be included in a randomly
selected sample of product listings in the product cat-
egory;

assigning a weight to the at least a portion of the product

listings in the sample and to the duplicate product list-
ings, the assigned weights being selected to reduce bias
introduced by a location of duplicate product listings
outside the sample of product listings, wherein the
assigned weight for the at least portion of the product
listings is inversely proportional to the computed prob-
ability for the at least a portion of the product listings;
utilizing the weights assigned to the product listings in the
sample and to the duplicate product listings to compute
the estimated duplication rate of product listings in the
product category, wherein the estimated duplication rate
is based, at least in part, on dividing the weights assigned
to the duplicate product listings by the weights assigned
to the product listings in the sample and the weights
assigned to the duplicate product listings; and
utilizing the estimated duplication rate to reduce an actual
rate of duplication of product listings in the product
category of the product catalog.

2. The computer-implemented method of claim 1, wherein
the estimated duplication rate is computed as a sum of the
weights assigned to the duplicate product listings divided by
a sum of the weights assigned to the product listings in the
sample and the weights assigned to the duplicate product
listings.

3. The computer-implemented method of claim 2, wherein
identifying one or more product listings in the product cat-
egory that are duplicates of product listings in the sample of
product listings comprises, for the at least the portion of the
product listings in the sample, searching the product listings
in the product catalog for one or more duplicate product
listings.

4. A non-transitory computer-readable storage medium
having computer-executable instructions stored thereupon
which, when executed by the computer, cause the computer
to:

sample a product catalog to select a sample of product

listings;

search the product catalog for other product listings that are

related to the product listings in the sample;
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utilize the related product listings to compute a probability
that the product listings in the sample and the related
product listings would be included in a sampling of
product listings from the product catalog, wherein the
probability that the product listings in the sample and the
related product listings would be included in a sampling
of'product listings from the product catalog is computed
at least in part based upon the number of related product
listings found;

calculate a weight for at least the portion of the product

listings and the related product listings based upon the
computed probabilities to reduce bias introduced by a
location of related product listings outside the sample of
product listings, wherein the calculated weight for the at
least the portion of the product listings is inversely pro-
portional to the computed probability for the product
listings;

compute an estimated duplication rate of product listings in

the product catalog utilizing the calculated weights,
wherein the estimated duplication rate is based, at least
in part, on dividing the weights for the at least the portion
of the product listings by the weights assigned to the
related product listings in the sample and the weights
assigned to the duplicate product listings; and

utilize the estimated duplication rate to reduce an actual

rate of duplication of product listings in a product cat-
egory of the product catalog.

5. The non-transitory computer-readable storage medium
of claim 4, wherein the sample of product listings is taken
from product listings in the product category of the product
catalog.

6. The non-transitory computer-readable storage medium
of'claim 5, wherein the product listings in the product catalog
are searched for other product listings that are duplicates of
the product listings in the sample.

7. The non-transitory computer-readable storage medium
of claim 4, wherein the estimated duplication rate is com-
puted as a sum of the weights calculated for the related prod-
uct listings divided by a sum of the weights assigned to the
product listings in the sample and the weights assigned to the
related product listings.

8. An apparatus for computing an estimated duplication
rate, the apparatus comprising:

at least one processor; and

a computer-readable storage medium having computer-

executable instructions stored thereon which, when
executed on the at least one processor, cause the appa-
ratus to take a sample of items from a data set,

identify other items in the data set that are related to the

items in the sample,
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compute a probability for at least the portion of the items in
the sample and the related items that the items would be
included in a sampling of items from the data set,

compute a weight for at least the portion of the items in the
sample and the related items based upon the probability
computed for the at least the portion of the items,
wherein the weights are computed to reduce bias intro-
duced by a location of related items outside the sample
of items, wherein the computed weights for at least one
item is inversely proportional to the computed probabil-
ity for the at least one item,

compute an estimated duplication rate of items in the data

set utilizing the computed weights, wherein the esti-
mated duplication rate is based, at least in part, on divid-
ing the weights for the at least the portion of the items in
the sample by the weights for the related items and the
weights assigned to the duplicate product listings; and
utilize the estimated duplication rate to reduce an actual
rate of duplication of items in the data set.

9. The apparatus of claim 8, wherein the data set comprises
product listings in a product catalog.

10. The apparatus of claim 8, wherein the data set com-
prises product listings in a product category of a product
catalog.

11. The apparatus of claim 10, wherein the other items in
the data set that are related to the items in the sample are
identified by searching the product listings in the product
catalog for other product listings that are related to product
listings in the sample.

12. The apparatus of claim 8, wherein the items that are
related to the items in the sample are duplicates of items in the
sample of items.

13. The apparatus of claim 8, wherein the probability that
the items in the sample and the related items would be
included in a sampling of items from the data set is computed
at least in part based upon the number of related items iden-
tified in the data set.

14. The apparatus of claim 8, wherein the estimated dupli-
cation rate is computed as a sum of the weights calculated for
the related items divided by a sum of the weights assigned to
the items in the sample and the weights assigned to the related
items.

15. The apparatus of claim 14, wherein the data set from
which the sample of items is taken is restricted based upon at
least one factor.

16. The apparatus of claim 15, wherein the data set from
which the sample of items is taken is restricted based upon a
number of search impressions received by at least one item in
the data set.



